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1
COWLING ASSEMBLY

BACKGROUND TO THE INVENTION

This invention relates to a cowling assembly for a vehicle
and more particularly to a forward cowling, such as a nose
cap assembly or a radome for an aircrafit.

Operational equipment such as radar and the like sensory
cequipment, 1s commonly forwardly mounted on an aircraft
¢.2. 1n the nose of the aircraft.

The equipment 1s protected from the environment by a
nose cap assembly which on most aircraft 1s constructed
predominantly of a material which is transparent to electro-
magnetic radiation at the operational frequencies of the
cquipment, such material typically comprising a {fibre
reinforced, honeycomb construction.

Such materials however do not provide protection against
lightning which can puncture the nose-cap and attach on to
the equipment, thus causing severe damage.

DESCRIPTION OF THE PRIOR ART

It 1s conventional practice to provide on a general surface
of the nose cap a strip of material which 1s normally metallic,
and of sufficient cross-sectional area, to capture a leader
channel of the lightning, and conduct it €.g. to the (metallic)
alr frame, so as to protect the nose cap and the operational
equipment behind 1it.

Metallic conducting strips however can interfere with the
proper operation of the equipment. Particularly where the
cequipment 1s sensory, such as radar, the presence of metallic
strips can obstruct the radar’s view.

It 1s known to utilise a lightning diverter strip consisting,
of metal particles each of which 1s coated with an oxide layer
which insulates the particles from each other and renders the
strip substantially non-conductive under normal conditions.
Such a strip 1s virtually, if not completely, transparent to
clectromagnetic radiation under normal conditions. When
subjected to high electrical field conditions, as can be
experienced if the nose cap 1s struck by lightning, the
material becomes conductive by establishing a suitable
ionised channel along the surface of the diverter to divert the
attachment point of the lightning arc by extending the arc
length along the path above 1ts surface.

Hence throughout this specification where such a diverter
1s described as being conductive, 1t 1s meant that an 1onised
channel has been established to divert the attachment point
of the lightning.

It 1s an object of the present invention to provide a new or
improved nose cap assembly which 1s protected from the
ciiects of lightning.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, we provide a
cowling assembly for a vehicle comprising a general exter-
nal surface having secured to or adjacent thereto, an elongate
lightning diverter element which, at least when subjected to
a high electric field, 1s electrically conductive, wherein a
portion of the diverter element 1s arranged to project from
the general external surface.

It has been found that such a cowling assembly provides
for more effectively protection of equipment in vehicles,
from the effects of lightning.

This 1s because 1t has been found that the functioning of
a lightning diverter can seriously be impaired 1n certain
orientations and 1t 1s to overcome this loss of function that
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the mvention was developed. It 1s unlikely that simple
metallic conductors would exhibit directional sensitivity.

Preferably, the portion of the elongate lightning diverter
clement which 1s arranged to project from the general
external surface of the cowling 1s a free end portion. The
projecting portion may extend from the general surface at an
angle of between 60° and 90° to the immediately adjacent
ogeneral surface.

In one embodiment, there may be provided on the gen-
crally external surface a protruding part comprising insulat-
ing material, which carries the projecting portion of the
clongate ligchtning diverter element on a surface thereof. For
example, the protruding part may be secured to the general
surface by adhesive, fasteners or otherwise.

The protruding part may comprise a conical, pyramidal,
rectangular, half-cylindrical or other formation. The projec-
fion portion may extend generally rectilinearly over the
surface of the protruding part.

The protruding part of the elongate lightning diverter
clement may alternatively be self supporting from the gen-
cral external surface of the cowling assembly, or may be
supported by a support member so as to project from the
ogeneral external surface.

Preferably the elongate lightning diverter element extends
substantially continuously from the free end thereof over the
ogeneral external surface of the cowling. However, 1f desired,
there may be provided one or more interruptions along its
length so that the elongate lightning diverter element com-
prises two or more separated portions.

Preferably though the or each interruption extends for less
than 10 mm or so between adjacent portions.

It has been found that small gaps do not significantly
diminish the effectiveness of the diverter element to provide
protection from lightning.

The elongate lightning diverter element may be made of
metal, or another high resistant conducting material, but
preferably 1s made of a material which 1s substantially
non-conducting under normal conditions, but 1s rendered
conductive 1n the presence of an electric field of sufficient
intensity.

The element may for example comprise a layer of metallic
particles each of which 1s coated with an oxide layer, such
that the particles are insulated from one another under
normal conditions, the insulating effect of the oxide layer
breaking down 1n the presence of a sufficiently intense
clectric field to permit electrical currents to flow along the
diverter element.

It will be appreciated that as the lightning leader
propagates, 1t 1s surrounded by an electric field orientated
parallel to the direction of leader propagation.

It 1s believed that by providing the projecting part of the
clongate ligchtning diverter element which 1s more closely 1n
alienment with the electric field of the leader than the
remainder of the diverter element, when the ambient electric
field in the vicinity of the diverter element 1s of sufficient
strength, the otherwise non-conducting material 1s rendered
conducting, so that the lightning arc when it flows along the
channel produced by the lightning leader, 1s readily captured
by the diverter element and flows along the diverter element
to ground.

In a conventional arrangement where the elongate light-
ning diverter element 1s made of a normally non-conducting
material which 1s rendered conducting 1n the presence of a
high electric field, where the diverter element has no com-
ponent 1n the direction of the electric field, 1t does not always
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become conducting 1n sufficient time before the lightning arc
strikes, with the result that the lightning arc can damage the

cowling assembly, and underlying equipment where pro-
vided.

In a practical arrangement, preferably a plurality of elon-
cgate diverter elements are provided, each of which may have
a respective portion arranged to project from the general
external surface of the assembly.

The or at least one of the elongate diverter elements may
be adapted to be electrically connected to a frame of the
vehicle on which the assembly 1s to be mounted.

According to a second aspect of the invention we provide
a vehicle having a cowling assembly 1n accordance with the
first aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1invention will now be described with reference to the
accompanying drawings 1n which:

FIG. 1 18 a front 1llustrative view of a first embodiment of
a cowling assembly 1n accordance with the 1nvention;

FIG. 1a 1s a side-sectional view of the cowling assembly
of FIG. 1;

FIG. 2 1s a view similar to FIG. 1 but of an alternative
embodiment of the 1nvention;

FIG. 2a 1s a side-sectional view through the cowling
assembly of FIG. 2; and

FIGS. 3a through 3; are illustrations of various alternative
forms of protruding parts for use 1in an assembly 1n accor-
dance with the mmvention showing part of a lightning diverter
clement.

FIG. 4 shows a helicopter having a cowling assembly in
accordance with the nvention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to FIGS. 1 and 1a there 1s shown a cowling
assembly 10 1n accordance with the invention, comprising 1n
this example a cowling assembly for an aircraft. The assem-
bly 10 1s adapted to be mounted at a forward end of the
aircraft, and 1s adapted to provide protection against the
environment for radar or like sensory equipment forwardly
mounted on the aircraft. Such a cowling assembly 1s com-
monly known as radome and 1s typically made of a fibre
reinforced honeycomb construction.

The cowling assembly 10 comprises an external general
bulbous surface 11. In this embodiment, a protruding part 12
known as a strake, 1s provided for acrodynamic purposes.

The strake 12 1s generally of triangular form 1n cross
section having an upper surface 13 and a lower surface 20,
the surfaces 13 and 20 meeting at an apex 21. The strake 12
extends over a substantial part of the width of the assembly

10.

Attached to the general external surface 11 of the assem-
bly 10, there are provided a plurality of elongate lightning,
diverter elements, 1n the form of strips, two upper strips

being indicated at 14 and 15, and four lower strips being,
indicated at 16 to 19.

The two upper strips 14 and 15 are laid across the external
surface 11 and lie generally flat over the surface 11. These
may be electrically bonded to the metallic airframe of the
aircralt, but preferably at least extend towards the metallic
airframe. It has been found that any (small) interruption
along the length of the diverter elements and/or between any
diverter element and a grounded part of the metallic airframe
does not significantly prevent the diverter elements perform-
ing cfficiently.
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The four lower strips 16 to 19 each extend throughout
substantially their entire length, along the external surface
11, but each has a respective portion 16a to 19a which
extends along a lower surface 20 of the strake 11 and thus
projects outwardly of the general surface 11 of the nose cap
assembly 10.

Each of the lightning diverter strips 14 to 19 comprises a
layer of metal particles, each of which 1s coated with an
oxide which effectively insulates the metal particles from
one another under normal conditions. The diverter strips 14
to 19 being made 1n this way, are virtually, 1f not completely
transparent to electromagnetic radiation under normal con-
ditions.

In high electric field conditions however, the insulating,
property of the oxide coating breaks down and hence any of
the diverter strips 14 to 19 which are subjected to such high
clectric field conditions, becomes conducting, and 1s able to
divert lightning to the metallic airframe to which 1t 1is
electrically bonded.

An arrangement as shown 1n FIGS. 1 and 1a was tested.
The four lower diverter strips 16 to 19 were found more
ciiiciently to capture lightning from a wide variety of angles
of approach. The upper two diverters 14 and 15, which do
not have portions which project from the general external
surface 11 of the cowling assembly 10, were found not to be
as efficient as the lower strips 16 to 19 in protecting the
cowling assembly 10 and hence equipment mounted behind
it, from the effects of lightning. The upper strips 14 and 15
were found to be particularly inetfective 1 providing pro-
tection against lightning when the lightning approach was
ogenerally perpendicular to those strips 14 and 15.

Referring now to FIGS. 2 and 24, a similar cowling
assembly 10 1s shown which has an external generally
bulbous surface 11 but the arrangement of lightning diverter
strips on the surface 11 1s different from the arrangement of
FIGS. 1 and 1a in the following respects.

Like 1n the FIGS. 1 and 1a arrangement, four lower
diverter strips 16 to 19 are provided each of which has a
respective portion 16a to 19a being an end portion adjacent
a free end of the respective strip 16 to 19, which extends
along a lower surface 20 of a strake 12 which provides a
protruding part. The lower strips 16 to 19 thus each termi-
nate adjacent the apex 21 of the strake.

The two upper lightning diverter strips 14 and 15 of FIGS.
1 and 1a are however replaced by four upper strips 22 to 25
cach of which has a respective portion 22a—25a which
extends along the upper surface 13 of the strake 12 and
terminates adjacent the apex 21 of the strake 12.

In this arrangement, there are also provided a pair of side
lightning diverter elements 27 and 28 each of which extend

towards and up a side wall 30, 31 respectively of the strake
12.

A puncture of the external surface 11 of the cowling
assembly 10 could not be achieved by a lightning strike 1n
tests on the FIG. 2 and FIG. 2a arrangement.

Referring now to FIGS. 3a through 3; there are shown
various alternative configurations of protruding element
12a—12: which may be used in place of the strake 12 as
shown 1n the embodiments so far described.

In FIG. 3a the protruding part 124 1s in the shape of a
pyramid, and a projecting portion indicated at 164’ of a
lightning diverter element 16, 1s shown to extend generally
rectilinearly up one face 20a of the protruding part 124 and
terminates adjacent an apex 21a thereof. Thus the projecting
part 16a' extends at an angle of about 60° to the immediately
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surrounding general surface 11 from which 1t projects. In
FIG. 3b, a protruding part 12b 1s shown which comprises a
block of insulating material which 1s a right parallelepiped
in conflguration, with a projecting portion 165 of the light-
ning diverter element 16' extending generally perpendicu-
larly to the immediately surrounding general surface from

which the protruding part projects, up a vertical face 20b of
the block.

FIG. 3¢ shows an arrangement similar to that shown in
FIG. 3a, although the base 1s triangular rather than rectan-
ogular and the face 20c of the pyramid up which the project-
ing portion 16¢ extends is at a steeper angle i.e. about 70° to
the immediately surrounding general surface with the result
that the projecting portion 16c¢ projects relative to the surface
at an angle more close to the perpendicular, than the corre-
sponding projecting portion 164’ of the FIG. 3a arrange-
ment.

FIG. 3d shows a protruding part 12d which 1s of semi-
cylindrical configuration with a projecting portion 16d of the
lightning diverter element 16' extending generally perpen-
dicular to the immediately surrounding surface, generally
rectilinearly upwardly along a radial face 20d of the semi-
cylindrical part 124

FIG. 3¢ shows a protruding part 12¢ which 1s generally a
wedge-shape, with again, the projecting portion 16¢ of the
lightning diverter element 16' extending generally perpen-
dicularly to the immediately surrounding surface of the

cowling assembly, generally rectilinearly along a vertical
face 20¢ of the part 12e.

FIG. 3f shows an arrangement similar to FIG. 3¢ but the
projecting portion 16d extends generally vertically upwardly
along an alternative vertical face 20f of the wedge shaped
protruding part 12/.

The protruding part 20g shown 1 FIG. 3¢ 1s also of a
wedge configuration, but the projecting portion 16g of the
lightning diverter element 16' extends generally rectilinearly
upwardly along a sloped planar face 20g which extends at an
angle of about 40° to the immediately surrounding surface of
the cowling assembly from which the protruding part 12¢
projects. FIG. 3/ shows a protruding part 12/ of triangular
prism form, with a projecting portion 16/ extending gener-
ally rectilinearly along a sloped face 20/ towards an apex
21/ of the protruding part 16, at an angle of about 60° to the
surface 1mmediately surrounding the protruding part 204.

FIG. 31 shows a generally conical form of protruding part
12: although the apex 21 of the cone 1s rounded. A project-
ing portion 16: of a lightning diverter element 16' extends
upwardly along a rounded surface 20: of the conical pro-
truding part 127 towards the rounded apex 21: at an angle of

about 60° relative to the surface surrounding the protruding
part 12:.

Hence 1n each of the arrangements described, there 1s
provided a protruding part 12, and 12a to 12 which 1s
attached to or integral with the general surface of the
remainder of the cowling assembly surface 11 and 1s made
of an msulating material such as glass remnforced or kevlar
reinforced epoxy resin, and 1n each case, the projecting
portion 16a to 167 of the lightning diverter element 16, 16’
extends at an angle between about 40° and 90° to the surface
11 of the cowling assembly 10 immediately surrounding the
respective protruding parts.

In FIG. 3; there 1s shown a lightning diverter element 16'
which terminates 1n a projecting portion 16" comprising a
rod-like member which 1s supported 1in a supporting struc-
ture 20, In this embodiment the rod-like member 1s made of
a carbon based material coated with oxide coated metallic
particles.
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This performs a dual function of a static discharge unit
and 1ncorporating a lightening diverter facility. The support-
ing structure 20" 1s adhered or otherwise affixed to the
surface 11 of the cowling assembly 10.

It can be secen that there 1s a small mterruption or gap
indicated at G between the projecting portion 16" and the
remainder of the lightning diverter strip 16'. Provided that
such gap G 1s not greater than about 10 mm, 1t has been
found that the gap G does not prevent lightning being
diverted along the diverting element 16. Each of the other
embodiments described may include one or more such

mterruptions along the length of the diverter element and/or
between the diverter element and a grounded part of the
metallic airframe. Providing lightening diverter elements in
sections with such gaps therebetween enables part only of
the diverter element to be easily replaced in the event of
damage.

Many modifications are possible without departing from
the scope of the mnvention and the arrangements of protrud-
ing part, and particular geometrical arrangements of light-
ning diverter elements on the surface of the cowling assem-
bly 10, shown 1n the drawings are given by way of example
only.

Whereas the mvention has been described i1n relation to
the cowling assembly 10 for an aircraft such as a helicopter
an example of which 1s shown at J 1n FIG. 4, the invention
may be applied to a cowling assembly for any other vehicle
which 1s provided to protect sensitive equipment of the
vehicle from lightning.

I claim:

1. A cowling assembly for a vehicle, comprising:

an external cowling surface; and

an clongate lightning diverter element having one end
secured to said external cowling surface and a project-
ing portion which projects outwardly from said external
cowling surface, said diverter element being substan-
tially non-conductive under normal conditions and
clectrically conductive 1n the presence of an electric
field of sufficient intensity.

2. An assembly according to claim 1 wherein said pro-
jecting portion of said diverter element extends from the
external cowling surface at an angle of between 60° and 90°
to the immediately adjacent external cowling surface.

3. An assembly according to claim 1 further comprising a
protruding part comprising i1nsulating material, which car-
ries the projecting portion of the elongate lightning diverter
clement on a surface thereof.

4. An assembly according to claim 3 wherein the protrud-
ing part 1s secured to the external cowling surface by one of
adhesive and fasteners.

5. An assembly according to claim 3 wherein the protrud-
ing part comprises one of a conical, pyramidal, rectangular
or half-cylindrical formation.

6. An assembly according to claim 3 wherein the project-
ing portion of said diverter element extends generally rec-
tilinearly over the surface of the protruding part.

7. An assembly according to claim 1 wherein the project-
ing portion of the elongate lightning diverter element is
cither self supporting or supported by a support member as
it projects from the external cowling surface.

8. An assembly according to claim 1 wherein the elongate
diverter element 1s adapted to be electrically connected to a
frame of the vehicle on which the assembly 1s to be mounted.

9. An assembly according to claim 1 wherein the elongate
lightning diverter element extends substantially continu-
ously from the projecting portion thercof over the external
cowling surface.
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10. An assembly according to claim 1 wherein there are
one or more Interruptions along the elongate diverter ele-
ment so that the elongate diverter element comprises two or
more separated portions.

11. An assembly according to claim 10 wherein each of
said one or more 1nterruptions extends for less than 10 mm
between adjacent portions of said elongate diverter element.

12. An assembly according to claim 1 wherein the elon-
cgate lightning diverter element comprises a highly resistant
clectrically conducting material.

13. An assembly according to claim 1 wherein the diverter
clement comprises a layer of metallic particles each of
which 1s coated with an oxide layer, such that the particles
are 1nsulated from one another under normal conditions, the
insulating effect of the oxide layer breaking down in the
presence of a sufficiently intense electric field to permit
clectrical current to flow along the diverter element.

14. An assembly according to claim 1 further comprising
a plurality of elongate diverter elements, each of which has
a respective projecting portion projecting outwardly from
the external cowling surface.

15. A vehicle having a cowling assembly, said cowling
assembly comprising:

an external cowling surface; and

an clogante lightning diverter element having one end
secured to said external cowling surface and a project-
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ing portion which projects outwardly from said external
cowling surface, said diverter element being substan-
tially non-conductive under normal conditions and
clectrically conductive 1n the presence of an electric
field of sufficient intensity.
16. A cowling assembly for a vehicle, said cowling
assembly comprising:

an external cowling surface;

a protruding part connected to said external cowling
surface;

an elongate lightning diverter element extending along or
adjacent to said external cowling surface and along the
surface of said protruding part so that a portion of said
lightning diverter element projects outwardly from said
external cowling surface, said lightning diverter ele-
ment being electrically conductive at least when sub-
jected to a high electric field.

17. An assembly according to claim 16, wherein said
lightning diverter element 1s made of a material which 1s
substantially non-conducting under normal conditions and 1s
clectrically conductive in the presence of a high intensity
clectric field caused by lightning.

18. An assembly according to claim 16, wherein said
protruding part comprises insulating material.
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